Mitochondrial diseases, or encephalomyopathies, are an uncommon, heterogeneous group of disorders with variable clinical course and presentation. Many of these patients present for surgery, or undergo anaesthesia in the course of investigation of their illness. Unfortunately, little information exists on their management in anaesthetic texts and the literature. We report on the anaesthetic management of a paediatric patient with mitochondrial disease, and briefly discuss the pathophysiology and anaesthetic implications of these disorders.
Introduction
. However, a complex relationship exists between genotype and phenotype. The mitochondrial respiratory chain and oxidative Patients may present from infancy to early adulthood. phosphorylation systems are responsible for the The paediatric group may exhibit a variety of symptoms production of adenosine triphosphate (ATP) by and signs involving all major organ systems (Table 1 ) (3, aerobic metabolism. In mammals, five enzyme-4). Classification on clinical grounds has been attempted protein complexes (Complex I-V) situated on the with specific syndromes being described, such as inner mitochondrial membrane are involved in the Kearns-Sayre syndrome (progressive external production of ATP utilizing the products of the Krebs ophthalmoplegia, pigmented degeneration of the retina, cycle and other metabolic pathways ( Figure 1) . and atrioventricular conduction defects), the syndrome The mitochondrial diseases of encephalomyoof mitochondrial encephalomyopathy, lactic acidosis pathies represent a clinically and biochemically and stroke like episodes (MELAS) and the syndrome of diverse group of disorders involving this system, the myoclonic epilepsy with ragged red fibres (MERRF). incidence of which is unknown. The hallmark of the Despite these efforts, there is considerable overlap mitochondrial myopathies is the 'ragged red fibre' between these groups and no correlation has been when muscle biopsy specimens are stained with demonstrated between the site of the biochemical defect modified Gomori trichrome stain (1), while specific and the clinical features (5, 6) . defects in the activity of these enzymes have been
This may be a function of the unique process by demonstrated in patients with mitochondrial disease which mitochondrial enzymes are constituted, being formed from subunits encoded by both nuclear and mitochondrial DNA (7). Unlike nuclear genes which are transmitted subject to the laws of mendelian
Figure 1
The mitochondrial oxidative phosphorylation system. Dihydronicotinamide adenine dinucleotide (NADH) and dihydroflavin adenine dinucleotide (FADH 2 ) produced via Krebs cycle and as a result of fat and protein metabolism provide hydrogen ions to the respiratory chain enzymes. Each enzyme complex is reduced and reoxidized as the hydrogen passes down the chain, eventually combining with oxygen to form water. In these reactions, hydrogen ions are transported out of the mitochondria, creating an electrochemical gradient. Hydrogen reentering the mitochondria along this gradient drives the production of ATP.
inherited. Also it is subject to a higher mutation rate in respiratory chain enzymes Complex III and Complex IV. She has received six general anaesthetics and variable expression, it being possible for family members with identical DNA mutation to show at our institution since 1993. She presented for anaesthesia initially at 11 months different clinical phenotypes (8). There is also evidence that proteins of the respiratory chain may of age to facilitate an MRI scan as part of investigation of delayed visual maturation and evolving exist in tissue specific forms which may influence the extent of the disease in various systems (9,10).
hyperreflexic spasticity. She subsequently had further surgery related to progressive swallowing Hence not only do these patients present in a variety of ways, but even when the diagnosis is clear, dysfunction. A definitive diagnosis was not made until the period after her second anaesthetic. the degree to which body systems are affected may vary widely. Consequently, there are a number of
The techniques used on each occasion are outlined in Table 2 . As shown, she received an inhalational anaesthetic considerations when presented with a patient with mitochondrial disease.
induction with halothane on each occasion, followed by either spontaneous respiration or IPPV. Where muscle relaxation was required, a carefully titrated
Case report
dose of atracurium was used. Where a narcotic We report the case of a female child, now four years infusion was required for postoperative analgesia, this was delivered according to the standard protocol old, with encephalomyopathy secondary to defects Table 1 disease. The overall aim should be to avoid further ·h −1 of morphine. During this ventricular block in patients who fall into the group period she received special nursing attention and categorized as the Kearns-Sayre syndrome (11). As continuous pulse oximetry. No complications were such, careful cardiovascular assessment, and encountered with this regime. However, it should be preoperative treatment of cardiac failure is essential. noted that between her second and third anaesthetics, A 12 lead ECG and echocardiography should be she was sedated by the paediatric unit for plaster considered. Renal and hepatic function should be splinting using a standard protocol of phenobarevaluated, along with arterial blood gas analysis to bitone, pethidine and droperidol, and had required determine baseline acid/base status. admission for monitoring overnight due to excessive sedation.
Premedication
Premedication should avoid respiratory depressants.
Discussion
Impaired respiratory responses to hypoxaemia and hypercapnia have been reported in these patients, This case serves to illustrate a number of issues with regards to anaesthesia for mitochondrial disease.
along with a case of prolonged somnolence following pethidine and secobarbitone (12). Our patient had While this group of disorders may present at any time, children are most often affected and the been excessively sedated using a similar regime as described above. The depression of ventilatory drive diagnosis may be difficult to confirm. These patients may present for anaesthesia as part of the has been shown to be a defect in the respiratory control system, rather than due to mechanical investigative process, as in this case, prior to definitive diagnosis being made. dysfunction (13). Hence, with the exception of her initial MRI, we used no sedative medications as There are several specific considerations with regards to anaesthesia in patients with mitochondrial premedication, electing to use paracetamol as an Table 2 Outline of anaesthesia techniques used
GA Presenting
No. (20) has other aspects of this group of diseases, it would recommended that isoflurane is the agent of choice appear that response can vary widely from patient for this purpose in the Kearns-Sayre syndrome, as to patient. rhythm disturbances have been reported with halothane in this subset of patients (21) . Indeed, in this particular subset, it has been recommended that an isoprenaline infusion and equipment necessary for Analgesia artificial pacing be readily available (20) . However, in our patient, who had no evidence of cardiac Minimizing oxygen demand may be beneficial in insufficiency or arrhythmias, we elected to use avoiding exacerbations of acidosis. Hence adequate halothane due to its lower pungency hence analgesia is important both intraand facilitating inhalational induction. During the longer postoperatively. As has been stated, patients with procedures isoflurane was then used for mitochondrial disease have been shown to have maintenance. Sevoflurane has potential advantages impaired respiratory control (13), hence opioids over both these agents. Its low solubility and low should be used with caution, as not only may they pungency are ideal for rapid and smooth inhalational further impair regulation of breathing, but such induction, while similar to isoflurane, it has little impairment may lead to a respiratory acidosis in propensity to produce arrythmias. Hence we believe addition to any underlying metabolic acidosis. sevoflurane is now the agent of choice.
Therefore, the use of other methods of analgesia should be considered, such as local and regional anaesthesia, and nonsteroidal anti-inflammatory
Muscle relaxants
drugs. Assessment of coagulation function should precede any central neuroaxial block due to the The use of muscle relaxants in patients with possibility of hepatic dysfuntion. We successfully mitochondrial disease also presents some potential utilized paracetamol and local infiltration of long difficulties. There has been one case report of a child acting local anaesthetic for the smaller procedures in with mitochondrial disease who developed signs our patient. For the more extensive operations we of malignant hyperthermia after administration of utilized a carefully monitored and titrated morphine suxamethonium with induction of general infusion with the above considerations in mind. We anaesthesia (22), along with a case of myotonic found that this provided good analgesia in the rigidity (23) . The possibility of sensitivity to immediate postoperative period, with no problems nondepolarizing relaxants has also been suggested encountered in the way of respiratory depression or (24), with Robertson (25) describing a child who significant acidosis on the three occasions it was showed an extreme reponse and lack of reversal by anticholinesterases.
used. Techniques are described which we used successfully
